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ABSTRACT 
An a c o u s t i c  s u r v e y  and a  bo t tom t r a w l  s u r v e y  f o r  cod  and  haddock 
w e r e  c a r r i e d  o u t  i n  t h e  B a r e n t s  Sea  d u r i n g  t h e  w i n t e r  1985. The 
a c o u s t i c  d a t a  and  t h e  b i o l o g i c a l  d a t a  f rom t r a w l  s t a t i o n s  w e r e  
combined i n  two d i f f e r e n t  ways,  g i v i n g  two series o f  a c o u s t i c  
estimates o f  abundance which d i f f e r e d  g r e a t l y .  The f i r s t  series 
which was b a s e d  on t h e  a s sumpt ion  t h a t  t h e  c a t c h  c o m p o s i t i o n s  i n  
t h e  bo t tom t r a w l  c a t c h e s  w e r e  r e p r e s e n t a t i v e  f o r  t h e  whole  w a t e r  
column, r e s u l t e d  i n  c o n s i d e r a b l y  h i g h e r  f i g u r e s  f o r  haddock t h a n  
f o r  cod.  The second  series which  w a s  b a s e d  on  t h e  a s s u m p t i o n  
t h a t  t h e  c a t c h  c o m p o s i t i o n s  i n  midwater  t r a w l s  w e r e  
r e p r e s e n t a t i v e  f o r  t h e  f i s h  r e c o r d e d  i n  midwater  and t h a t  t h e  1 
bot tom t r a w l  c a t c h e s  r e p r e s e n t e d  t h e  f i s h  r e c o r d e d  i n  t h e  
near-bottom l a y e r ,  r e s u l t e å  i n  s i g n i f i c a n t l y  more cod t h a n  
haddock. However, b o t h  series o f  a c o u s t i c  e s t i m a t e s  a s  w e l l  a s  
t h e  bot tom t r a w l  i n d i c e s  s u p p o r t e d  p r e v i o u s  f i n d i n g s  showing t h a t  
t h e  r e c r u i t m e n t  o f  b o t h  cod and haddock i n  r e c e n t  y e a r s  had been 
s u b s t a n t i a l l y  h i g h e r  t h a n  i n  t h e  p e r i o d  19'76-1981. 
INTRODUCTION 
Each y e a r  s i n c e  1975, a  Norwegian a c a u s t i c  su rvey  h a s  been 
c a r r i e d  o u t  d u r i n g  t h e  w i n t e r  i n  t h e  B a r e n t s  Sea ,  and s i n c e  1977 
t h e  r e s u l t s  have been used i n  t h e  s t o c k  a s s e s s m e n t s  o f  North-East  
A r c t i c  cod and haddock. The aim o f  t h e  su rvey  i s  t o  e s t i m a t e  t h e  
a b s o l u t e  number o f  cod and haddock w i t h i n  t h e  su rvey  a r e a .  
S i n c e  1981 a  s t r a t i f i e d  random bottom t r a w l  s u r v e y  h a s  been 
c a r r i e d  o u t  i n  t h e  same a r e a  and a t  t h e  same t i m e  a s  t h e  a c o u s t i c  
su rvey .  P r e l i m i n a r y  r e s u l t s  from b o t h  s u r v e y s  a r e  r e p o r t e d  by j 
Dalen e t  a l .  (1982, 1983,  1 9 8 4 ) .  The p r e s e n t  p a p e r  r e p o r t s  on t h e  
s u r v e y  r e s u l t s  d u r i n g  w i n t e r  1985. 
MATERIAL AND METHODS 
The s u r v e y s  i n  1985 were c a r r i e d  o u t  i n  t h e  p e r i o d  26 J a n u a r y  t o  
8  March w i t h  t h r e e  v e s s e l s  which w e r e  e q u a l l y  equipped c o n c e r n i n g  
t h e  t r a w l s ,  RV "G.O.Sarsl' was used  i n  t h e  a c o u s t i c  su rvey  and 
t h e  commercial s t e r n  t r a w l e r s  MT "Masi" and MT "Sta l1o1 '  c a r r i e d  
out the bottom trawl survey, which also includes 20 stations 
O taken east of 40 E and 8 stations south of 69°30'~ and east of 
37"~ worked by "G.O.Sarsl'. A total of 389 trawl stations were 
taken: 117, including 25 with pelagic trawl, by "G.O.SarsW, and 
272 by the commercial trawlers. In addition, 143 hydrographical 
stations (CTD) were taken by "G.O.Sars". 
Figs l and 2 show the survey tracks, hydrographical stations and 
trawl stations worked by "G.O.Sarsn. 
The Acoustic Survey 
The acoustic survey was carried out as in previous years (Dalen 
et al. 1982). The echo integration system and its performance as 
well as the conversion factor used were as reported in 1984 
(Dalen et al. 1984). 
The Bottom Trawl Survey 
Fig. 3 shows the survey area, the four cubareas for which 
abundance estimates are given, and the strata. A total of 300 
trawl stations were included in the bottom trawl survey (Fig. 4). 
The survey design was as described by Dalen et al. (1982), and 
the indices of abundance were calculated on the basis of swept 
area considerations as described by Dalen et al. (1983). Table 1 
gives the number of trawl stations in each stratum. 
RESULTS AND DISCUSSION 
Hydrography 
Fig. 5 shows the temperature distributions at the surface, at 
100 m depth and at the bottsm.~ In most areas these 
distributions were similar to those observed in winter 1984 
(Dalen et al. 1984), but in the southeasternmost shallow waters 
I 
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off USSR the temperatures were considerably below the 1984 
values. This is in agreement with observations made by The 
Polar Research Institute (PINRO), Murmansk, indicating that the 
distribution of winter temperatures in the Barents Sea were 
close to the 30-years mean value both in 1984 and 1985, except 
for the nearchore areas of USSR where the 1985-values were well 
below average (Borovkov: personal communication), 
Distribution of cod and haddoek 
Fig.6 shows the distribution of the total echo abundance of cod 
arid haddock combined. The distribution pattern shows similarity 
with that observed in 1984 (Dalen et al. 1984), but the northward 
extension was greater and in addition the echo integration values 
were generally higher in the whole surveyed area in 1985 than in 
1984. Hence, these observations indicated that the increase in 
abundance of cod and haddock which tosk place from 1983 to 1984 
(Dalen et al. 1984) has continued and that the quantities of fish 
of the two species in the Barents Sea at present are considerably 
above the low level experieiiced d u r i n g  the period 1979-1983. The 
distribution of the echo abundance in 1 9 8 4  and 1 9 8 5  are similar 
to what was observed in the years 1976-1978 when the relative 
abundant year classes 1 9 7 3  and 1 9 7 5  were predominant in the 
stocks of young cod and haddock. 
The recordings in the coastal and bank waters off U. S.S.R. and 
eastern Norway were found to originate mainly from haddock of the 
1982 ,  1 9 8 3  and 1 9 8 4  year classes while cod belonging to the 1 9 8 2  
and 1 9 8 3  year classes were more numerous in the western and in 
the offshore central and eastern areas. 
( 
The distribution of echo abundance of cod and haddock in the 1 0  m 
depth Payer above the bottom is shown in Fig. 7.  The recordings 
in this layer were slightly less than in 1 9 8 4  in the eastern- 
and westernmost coastal areas of the sea but somewhat higher in 
the central offshore areas. In 1985 ,  these recordings amounted 
to 1 4  percent of the total echo abundance (Fig. 6) which is less 
than in previous years. The observations thus indicate that it 
is particularly the midwater distribution of fish that has 
increased in abundance in recent years; a matter which will 
affect the sampling and the consistency of the bottom trawl 
indices as discussed by Hylen - -  et al. ( 1 9 8 5 )  and later in this 
paper. 
Acoustic Abundance Estimates 
For reasons explained below two sets of estimates were worked out 
by combining the acoustic data and the length/species 
compositions from the trawl catches in two different ways. 
Alternative a) is the usual standard method by which values of 
total echo abundance within each skrata were used together with 
pooled data from all trawl stations (midwater and bsttom trawls) 
in the same area. In alternative b) the echo abundance values 
for the midwater and near-bottom layers were used separately 
together with the data from midwater trawl and bottom trawl 
respectively. The distribution maps in Figs 8 -13  and 16-19, and 
Tables 2  and 5 show details of the results obtained applying 
alternative a), while Tables 3 and 6 show the summary results 
for both alternatives, together with estimates from previous 
i 
years. 
It appears from Tables 3 and 6 that the two alternative ways of 
treating the data produced estimatec which differed greatly. 
Alternative a) resulted in total numbers of cod and haddock of 
about 2 2 0 0  and 4 2 0 0  million respectively, while alternative b) 
gave 4 9 0 0  million cod and 1 7 0 0  million haddock. For cod 
alternative b) produced lower estimates of older fish (age - > 5) 
and higher estimates of the younger age groups than alternative 
a). For haddock the estimatec of all age groups were i 
significantly lower for alternative b). The differences between 
the two alternatives were greatest for the 1 9 8 3  year class of cod 
and the 1 9 8 4  year class of haddock. In alternative b) the 1 9 8 3  
year class of cod was 4  times as abundant as in alternative a), 
whereas the 1 9 8 4  year class of haddock was considerably less 
abundant in alternative b). 
In order to fully explain such large differences between 
estimates of abundance originating from the same basic set of 
data a thsrough discussion on all aspects of both sampling and 
I processing is needed (Hylen 1 9 8 5 ) .  In the following 
I sections are presented some preliminary considerations which may 
l explain most of the differences between the alternative estimates 
for 1985 .  
l During acoustic surveys the primary aim of the fishing is to 
provide representative samples of the acoustically recorded fish. 
The basic requirements are that each trawl catch should provide a 
representative estimate of the density ratios between cod and 
haddock over the entire length range and that als0 the length 
distributions obtained are representative (Dalen and Nakken 
1 9 8 3 ) .  These requirements are met only rarely (Dalen and 
Smedstad 1 9 8 3 ,  Dalen - et - al. 1 9 8 4 ,  Hylen and Nakken 1 9 8 4 )  and 
unrepresentative sampling of the recordings is by far the largest 
source of error in the cod and haddock survey. 
Fig. 1 4  illustrates a part of the problem. This figure shows the 
development of the bottom trawl indices for the 1977-1980 year 
classes of cod (Dalen - -  et al. 1 9 8 4 )  clearly indicating that the 
young fish has been underestimated as compared to the older one. 
The LIKELY LINE is drawn through back-calculated values based on 
5  year olds, i.e. it represents an estimate of the figures that 
should have been obtained. The 1 and 2 year olds appear to be 
underestimated in the surveys by a factor of 8-10.  When age 
groups are mixed in the sea we must therefore assunie that length 
and age distributions from our bottom trawl catches are heavily 
biased, the small and young individuals being significantly 
underestimated as compared to the larger fish. This affects the 
acoustic estimate in exactly the same manner. The problem 
becomes particularly serious in years when abundant 
young a g e  g r o u p s  e n t e r  a n  a l m o s t  d e p l e t e d  s t o c k  a s  i n  1984 and  
1985 when s t r o n g  y e a r  c l a s c e s  (1982 and  1983)  e n t e r e d  
t h e  s t o c k s  of Nor th- -Eas t  A r c t i c  cod  and  haddock.  The o c c u r r e n c e  
o f  l a r g e  q u a n t i t i e s  o f  s m a l l  f i s l i  i n  t h e  B a r e n t c  Sea  p roduced  
much h i g h e r  e c h o  abundance  v a l u e s  t h a n  i n  t h e  p r e c e e d i n g  y e a r s ,  
However, o u r  i n a b i . 1 i t y  to o b t a i n  r e p r e s e n t a t i v e  l e n g t h  
d i s t r i b u t i o n s  o f  t h e  f i s h  i n  a r e a s  w e r e  t h e s e  young i n d i v i d u a l s  
w e r e  mixed w i t h  o l d e r  o n e s ,  r e s u l t e d  i n  g r o s s  o v e r e s t i m a t e s  o f  
t h e  o l d e r  a g e  g r o u p s  a n d  c o r r e s p o n d i n g  u n d e r e s t i m a t e s  o f  t h e  
young o n e s  i n  t h e s e  a r e a s .  In 1.984 EIylen and  Nakken (1984)  
t h e r e f o r e  n e g l e c t e d  t h e  a c o u s t i c  e s t i m a t e  o f  3  y e a r  a n d  o l d e r  cod  
f o r  t h e  e a s t e r n  B a r e n t s  Sea  and  e s t i m a t e d  t h e  abundance  o f  t h e s e  
a g e  g r o u p s  f rom t h e  p r e v i o u s  y e a r "  a a c o s t i c  e s t i m a t e s  o f  t h e  
r e s p e c t i v e  y e a r  c l a s s e s  and  t h e  r a t i o  be tween  t h e  b o t t o m  t r a w l  
i n d i c e s  i n  1984 a n d  1983.  P r e l i m i n a r y  e x a m i n a t i o n  o f  t h e  1985 
d a t a  i n d i c a t e s  t h a t  e r r o r s  i n t r o d u c e d  by  b i a s e d  t r a w l  s a m p l i n g  
a r e  more pronounced  t h i s  y e a r  and  it seems as  i f  t h e  s p e c i e s  
c o m p o s i t i o n ,  c o d  v e r s u s  haddock ,  i s  even  more å n f l u e n c e d  t h a n  t h e  
l e n g t h  and  a g e  d i s t r i b u t i o n s  ( T a b l e s  3 and 6 ) .  
The p rob lem o f  r e p r e s e n t a t i v e  s a m p l i n g  i n c l u d e s  g e a r  e f f i c i e n c y ,  
v e r t i c a l  d i s t r i b u t i o n  o f  f i s h  and  f l .sh b e h a v i o u r  i n  r e l a t i o n  t o  
t h e  f i c h i n g  s y s t e m  ( v e s s e l  and g e a r ) .  F i q .  15  shows a  s c h e m a t i c  
p r e c e n t a t i o n  o f  t h e  d i s t r i b u t i o n  o f  the c c h o  abundance  o f  cod  and  
haddock i n  t h e  B a r e n t s  Sea i n  w i n t e r  1985.  Appxoximately 14 
p e r  c e n t  o f  t h e  e c h s  abundance  was r e c s r d e d  i n  t h e  b o t t o m  
c h a n n e l ,  4 0 - 4 5  p e r  c e n t  i n  t h e  l a y e r  be tween  t h e  bo t tom and  50 m 
above  t h e  bo t tom w h i l e  t h e  r e m a i n i n g  4 0  p e r  c e n t  w a s  r e c o r d e d  
h i g h e r  up  i n  t h e  w a t e r  column. 
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Table  4 shows t h e  a v e r a g e  s p e c i e s  and l e n g t h  compos i t ions  i n  
s e l e c t e d  t r a w l  c a t c h e s  from t h e  w e s t e r n  (A and B )  and e a s t e r n  ( C  
and D )  a r e a s  o f  t h e  B a r e n t s  Sea r e s p e c t i v e l y .  I n  b o t h  a r e a s  t h e  
s p e c i e s  c o m p o s i t i o n s  w e r e  q u i t e  d i f f e r e n t  f o r  t h e  two t y p e s  o f  
g e a r  used ,  t h e  p e l a g i c  and t h e  bot tom t r a w l .  When comparing t h e  
numbers caugh t  o f  t h e  two s p e c i e s ,  it a p p e a r s  t h a t  i n  t h e  p e l a g i c  
t r a w l  h a u l s  cod was f a r  more abundant  t h a n  haddock whereas  t h e  
bot tom t r a w l  c a p t u r e d  more haddock t h a n  cod.  These o b s e r v a t i o n s  
i n d i c a t e  t h a t  haddock w a s  mainly  d i s t r i b u t e d  i n  t h e  near-bottom 
l a y e r s  (Tab le  4 )  i n  which a  s m a l l e r  f r a c t i o n  o f  t h e  echo  
abundance was r e c o r d e d  (F ig .  1 5 )  t h a n  i n  t h e  midwater  l a y e r s  
where cod was predominant .  There was a l s o  a  c l e a r  tendency t h a t  
t h e  p e l a g i c  t r a w l  c a p t u r e d  cod and haddock o f  s m a l l e r  s i z e  t h a n  
t h e  bot tom t r a w l  i n  t h e  e a s t e r n  a r e a s  (Tab le  4 ) .  I n  t h e  w e s t e r n  
p a r t s  o f  t h e  s e a  t h e  c o å  h a s  s i m i l a r  l e n g t h  d i s t r i b u t i o n s  i n  t h e  
two t y p e s  o f  g e a r ,  w h i l e  t h e  bot tom t r a w l  caugh t  t h e  s m a l l e s t  
haddock. I t  was t h e r e f o r e  d e c i d e d  t o  combine t h e  a c o u s t i c  and 
b i o l o g i c a l  d a t a  i n  accordance  w i t h  t h e  o b s e r v a t i o n s  g i v e n  above 
( a l t e r n a t i v e  b ) ,  i n  a d d i t i o n  t o  t h e  s t a n d a r d  p r o c e d u r e  which h a s  
been used i n  p r e v i o u s  y e a r s  ( a l t e r n a t i v e  a ) .  The d l f f e r e n c e s  
between t h e  two sets o f  e s t i m a t e s  d e m o n s t r a t e  t h e  l a r g e  e f f e c t  
o f  t r e a t i n g  t h e  d a t a  i n  d i f f e r e n t  ways. By choos ing  a l t e r n a t i v e  
b )  i n s t e a d  of  a )  t h e r e  i s  a n  enormous t r a n s f e r  o f  f i s h  from 
haddock t o  cod and a l s o  a  s h i f t  from o l d e r  ( l a r g e r )  i n d i v i d u a l s  
t o  younger ( s m a l l e r )  ( T a b l e s  3 and 6 ) .  Y e t  t h e  v e r y  s m a l l e s t  
f i s h ,  t h e  l -g roup ,  was reduced  i n  numbers. I t  i s  f e l t  t h a t  t h e  
e s t i m a t e s  a r r i v e d  a t  under  a l t e r n a t i v e  b )  are t h e  more r e l i a b l e ,  
mainly  because  t h e  v e r t i c a l  s p e c i e s  and l e n g t h  compos i t ions  were 
t a k e n  i n t o  a c c o u n t  i n  t h e  computa t ionc  i n s t e a d  o f  assuming bottom 
t r a w l  c a t c h e s  b e i n g  r e p r e s e n t a t i v e  f o y  t h e  e n t i r e  w a t e r  column 
( a l t e r n a t i v e  a ) ,  I n  a d d i t i o n  t h e  a l t e r n a t i v e  b )  estimates 
compare b e t t e r  w i t h  t h e  h i s t o r i c  d a t a  s e y i e s  r e g a r d i n g  t h e  r a t i o  1 
number o f  cod/number o f  haddock i n  t h e  t w o  s t o c k s  (Anon. 1 9 8 5 ) .  
T h i s  r a t i o  h a s  m a i n l y  been  w i t h l n  t h e  r a n g e  2-5 and  it h a s  n e v e r  
l 
l 
I b e e n  o b s e r v e d  t o  b e  0.3-0.4 f c r  a series o f  abundan t  y e a r  classes 
l 
l 
a s  i n d i c a t e d  by  t h e  r e s u l t s  u n d e r  a l t e r n a t i v e  a ) .  ~ 
l 
l 
G e o g r a p h i c a l  d i s t r i b u t i o n  o f  cod  and  haddock 
F i g s  8-13 show t h e  g e o g r a p h i e a l  d i s t r i b u t i o n  o f  t h e  v a r i o u s  I l  
a g e  g r o u p s  o f  cod .  A s  i n  p r e v i o u s  y e a r s  t h e r e  a p p e a r e d  t o  b e  a 
wes tward  s h i f t  i n  d i s t r i b u t i o n  w i t h  i n c r e a s i n g  a g e ,  t h e  y o u n g e s t  
a g e  g r o u p s  were found  t o  b e  d i s t r i b u t e d  more t o  t h e  east  t h a n  t h e  
o l d e r  f i s h .  To some e x t e n t  a  s i m i l a r  p a t t e r n  was o b s e r v e d  for  l 
Bottom T r a w l  Su rvey  I n d i c e s  
Cod 
T a b l e  7 g i v e s  abundance i n d i c e s  f rom t h e  t r a w l  s u r v e y  f o r  e a c h  
a g e  g r o u p  by  s u b a r e a  and  t o t a l  a r e a .  I n d i c e s  f o r  t h e  t o t a l  a r e a  
f o r  t h e  p e r i o d  1981-1985 a r e  g i v e n  i n  T a b l e  8. A s  i n  1983  and  
1984 t h e  i n d i c e s  w e r e  h i g h e r  i n  t h e  o f f s h o r e  a r e a s  A a n d  D t h a n  
i n  c o a s t a l  waters areas B and  C .  The i n d i c e s  ( t a b l e  8 )  i n d i c a t e  
a  s u b s t a n t i a l  i n c r e a s e  i n  t h e  abundance  of eod  f rom 1982 t o  1984 
d u e  t o  t h e  c o n t r i b u t i o n  f rom t h e  1982 and  1983 y e a r  c l a s s e s .  
From 1984 t o  1985 t h e  t o t a l  i n d e x  i s  lowered  c o n s i d e r a b l y  ma in ly  
b e c a u s e  o f  a  pronounced r e d u c t i o n  o f  t h e  1983 y e a r  c l a s s  and  
smaller r e d u c t i o n  o f  t h e  P982 y e a r  c l a s s .  The o b s e r v e d  r e d u c t i o n  
i n  abundance  i n d i c e s  f o r  t h e s e  two y e a r  c l a s s e s  i s  i n  
c o n t r a d i . c t i o n  w i t h  t h e  r e s u l t s  found f o r  t h e  p r e c e e d i n g  y e a r  
c l a s s e s  ( T a b l e  8  and  F i g ,  1 4 )  i n d i c a t i n g  a n  i n c r e a s e  i n  t h e  
b o t t o m  t r a w l  i n d i c e s  f o r  a  g i v e n  y e a r  c l a s s  u n t i l  t h e  f i s h  i s  4-5 
y e a r s  o l d .  I t  i s  b e l i e v e d  t h a t  t h e  midwater  d i s t r i b u t i o n  o f  cod  
i n  1985 - d i s c u s s e d  p r e v i o u s l y  i n  t h i s  p a p e r  - l e a d s  t o  a  
s i g n i f i c a n t  downward b i a s  i n  t h e  bo t tom t r a w l  i n d i c e s  f o r  t h e s e  
y e a r  classes i n  1985. 
Haddock 
T a b l e  9  and  10 show t h e  b o t t o m  t r a w l  i n d i c e s  f o r  haddock. The 
i n d i c e s  f o r  1985 w e r e  i n  a c c o r d a n c e  w i t h  t h o s e  o b t a i n e d  i n  
p r e v i o u s  y e a r s ,  i n d i c a t i n g  t h a t  t h e  abundance o f  haddock h a s  
i n c r e a s e d  c o n s i d e r a b l y  d u r i n g  t h e  l a s t  2-3 y e a r s  b e c a u s e  o f  t h e  
c o n t r i b u t i o n  from t h e  1982,  1983 and p o s s i b l y  1984 y e a r  c l a s s e s .  
The abundance  o f  t h e  1981-1983 y e a r  classes 
S i n c e  t h e s e  a r e  t h e  y e a r  c l a s s e s  which a r e  t h e  i m p o r t a n t  o n e s  f o r  
s t o c k  p r e d i c t i o n  p u r p o s e s  it i s  o f  p a r t i c u l a r  i n t e r e s t  t o  
i n v e s t i g a t e  t h e  c o n s i s t e n c y  o f  t h e  a c o u s t i c  estimates. The t e x t  
t a b l e  Gelow shows t h e  e s t i m a t e s  o b t a i n e d  i n  1984 and  1985 
( a l t e r n a t i v e  b ) .  The f i g u r e s  a r e  t a k e n  from T a b l e s  3  and  6 .  
1984 1985 
Year c l a s s  Cod Haddock Cod+Haddock Cod Haddock Cod+Haddock 
When compar ing  t h e  estimates o b t a i n e d  i n  1984 a n d  1985 f o r  e a c h  
y e a r  c l a s s  and s p e c i e s  t h e  c o n s i s t e n c y  seems t o  b e  r a t h e r  p o o r .  
However, it a p p e a r s  t h a t  f a r  t h e  1983 y e a r  c l a s s  t h e  sum o f  cod  
a n d  haddock compares  r e a s o n a b l y  w e l l  f o r  t h e  two y e a r s  o f  
o b s e r v a t i o n .  I t  i s  a l s o  s e e n  t h a t  i n  1984 t h e  t o t a l  number o f  
f i s h  e s t i m a t e d  i n  t h e  1981  and  1982 y e a r  classes, 1735,  i s  o n l y  
s l i g h t l y  l ower  t h a n  t h e  c o r r e s p o n d i n g  f i g u r e  f o r  1985 ,  1824. 
I n  t o t a l  a b o u t  6300 m i l l i o n  f i s h  o f  t h e s e  t b r e e  y e a r  c l a s s e s  w e r e  
o b s e r v e d  i n  b o t h  1984 and  1985. On t h e  b a s i s  o f  t h e  r e s u l t s  f o r  
1984 a  t o t a l  o f  a b o u t  5000 m i l l i o n  f i s h  s h o u l d  b e  e x p e c t e d  i n  
1985 when a  n a t u r a l  m o r t a l i t y  o f  a b o u t  0.2 i s  a c c o u n t e d  f o r .  
I-Iowever, a t  p r e s e n t  t h e r e  i s  no  i n d e p e n d e n t  measure  o f  t h e s e  
young y e a r  c l a s s e s  which  p e r m i t s  c o n c l u s i o n s  a b o u t  r e l i a b i l i t y  o f  
t h e  r e s u l t s  f rom e i . t h e r  o f  t h e  two y e a r s ,  b u t  it seems as i f  t h e  
c o n s i s t e n c y  i s  f a i r  r e g a r d i n g  t h e  t o t a l  f i g u r e s  a n d  t h a t  t h e  main 
p rob lem i s  t o  have  r e p r e s e n t a t i v e  c p e c i e s  a n d  l e n g t h /  a g e  
c o m p o s i t i o n s  o f  t h e  f i s h .  
The l a r g e  i n c r e a s e  i n  t h e  estimate o f  t h e  1981  y e a r  c l a s s  o f  cod  
may a l s o  t o  some e x t e n t  have  b e e n  c a u s e d  by e r r o n e o u s  a g e  
r e a d i n g s  o f  t h e  o t o l i t h s .  T h e r e  i s  d o u b t  a b o u t  t h e  correct  
i n t e r p r e t a t i o n  o f  t h e  g rowth  z o n e s  o f  3-4 y e a r  o l d  f i s h ,  a n d  it 
i s  p o s s i b l e  t h a t  c o d  f rom t h e  1981  y e a r  c l a s s  s h o u l d  b e  
transferred to the 1982 year class. This would improve the 
consistency of the cod-t-haddock estimates. l 
CONCLUSIONS 
The 1985 acoustic and bottom trawl survey has confirmed the 
findings.from earlier years which shows a vast improvement in 
recruitment to the stocks of North-East Arctic cod and haddock. 
The introduction of strong year classes of young fish to nearly 
i depleted stoeks has clearly demonstrated shortcomings in the 
I 
I trawl sampling which is representative neither for the size 
l 
i groups nor the cod/haddock ratio in the whole water column. This 
I l 
, relates especially to the bottom trawl, which is restricted to 
l 
l the near-bottom layer. Two alternative estimates have been 1 
l 
l 
presented and it is thought that the most reliable estimates are 
obtained by splitting the acoustic layer and applying samples 
from bottom and pelagic trawl respectively. 
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Table 1. Trawl hauls taken in the bottom trawl survey 1985. 
Table 2. Cod. Acoustrc abundance estrmates (alternative a )  for each age grouplyear class 
r? the surveyed areas rn 1985. INumbers in millions). 
i 
3.2 40.1 25.1 2 
Table 3. Cod. Estimates of year class abundance from acoustrc surveys in the perlod 1977-1985. 
ltdumbers rn millrons). 
Table 4. Length distribution of cod and haddock in pelagic (Pil and bottom (ET1 
trawl hauls in the western and eastern part of the Barents Sea in 1985. 
Bottom trawl hauls are located within 10 nautzcal mlles from each 
pelagrc haul. Per cent of numbers caught. 
/ 
1.9 6.9 20.8 3 8 . 4  17.7 40.4 16.1 
3.0 6.9 17.8 41.0 21.6 31.3 16.2 
1.2 2.9 10.4 2.9 l 9.1 7.5 11.0 
2.8 3.6 15.5 1.9 0 . 8  7.0 9.7 28.3 
16.5 16.4 36.2 0.5 2.6 12.5 4.0 12.0 
5.3 12.0 0.5 0.7 
1.8 ' 5.2 
2.4 5.0 0.1 2.1 
0.9 4.3 0.1 3.2 
1.2 3.4 0.1 2.0 
0.2 1.6 
0.2 0.4 0.1 0.2 
Table 5. Haddock. Acoustic abundance estimates (alternative al for 
grouplyear class in the surveyed areas in 1985. (Numbers i 
1 
~ a c h  age 
i millionsl. 
Total 
0 I 
p-pp- 
267 755 198 60 l0 9 29 
l 1 1  149 737 55 1 
17 1 1  181 251 13 2 
Halfunction of the acoustic instruments 
2 25 14 66 160 50 2 1 
3 4 7 10 12 29 14 1 
1 0 7 9 5 4 1 0 5  
2148 1002 53 15 7 2 2 2 
1034 1972 1187 33 2 l 1 l 1 1 
158 1057 479 14 + + t t t 
Table 6. Haddock. Estimates of year class abundance from acoustic surveyr in the period 1977-1985. 
(Numbers in millionsl. 
Total 4 
Year of 
investigation 
Year class 
1984 1983 1982 1981 1980 1979 1978 1977 1976 1975 1974 1973 1972 1971 1970+ 
Tab le  7./dod. Abundance i n d i c e s  from t h e  bo t tom t r a w l  survey f o r  esch age g roupryear  class i n  t h e  
/ d ~ f f e r e n t  areas i n  1985 .  
K: Age (Year  c l a s s l  1  2  3  4  5  6  7  8  9  10, T o t a l  
( 8 4 1  ( 8 3 )  1821 ( 8 1 1  ( 8 0 )  1 7 9 )  1781 i 771  ( 7 6 1  (75*1  
T o t a l  7.3  1 6 8 . 9  9 0 . 3  7 8 . 1  1 5 . 7  6 . 3  2 .5  0 . 2  i 0.1 369.4  
2 2 . 0  45 .7  2 4 . 5  21.1 4 . 2  1 . 7  0 . 7  0 .1  + t 100 .0  
Table 8 .  Cod. Abundance l n d r c e s  f o r  each year  c l a s s  f rom t h e  b o t t g m  t r a w l  surveys 1981-1985.  
0 . 1  0 . 9  16.1 20 .4  l .  16 .0  15 .8  1.4 0 .2  
44 .6  5 . 9  t 0 . 8  28 .0  3 1 . 9  1 4 . 3  4 . 7  3.0 0.6 
3 5 5 . 3  126 .6  6 0 . 2  19 .2  15 .6  9 . 4  3 . 0  0 . 1  0 .2  
( 
Table 1 0 .  Haddock. Abundance i n d i c e s  f o r  each year  c l a s s  f rom t h e  b o t t o m  t r a w l  surveys 1981-1985.  
Tab le  9 .  Haddock. Abundance i n d i c e s  f rom t h e  bo t tom t r a w l  survey f o r  each 
age g r o u p l y e a r  c l a s s  i n  t h e  d i f f e r e n t  areas i n  1985 .  
Year a f  Year c l a s s  
l i n v e i t  t 1984 1183  1982 1981 1980 1979 1978 1977 I976  1975 I974 1 9 7 3 1  T o t a l l  
T o t a l  Area 
Age (Year  c l a s s )  
1  2  3  4  5 6  7  8  + 
1 8 4 )  ( 8 3 1  ( 8 2 )  ( 8 1 )  ( 8 0 1  ( 7 9 1  i 781  ( 7 7 + 1  
Fig. 1. Survey tracks and hydrographical stations, RV "G.O.Sars". 
25.1. - 8.3.1985. 
Fig. 2. Survey tracks and trawlstations, RV "G.O.SarsW, 
25.1. - 8.3.1955. n Bottom trawl, d Pelagic trawl. 
F i g .  3 .  The s u r v e y  area w i t h  s u b a r e a s  (A,B,C,D) and s t ra ta  ! 
used i n  t h e  bot tom t r a w l  s u r v e y .  
F i g .  4 .  Bottom t r a w l  s t a t i o n s ,  MT "Masi" and MT " S t a l l o "  
30.1. - 1.3.1985 and by "G.O. S a r s "  east  o f  3 5 O ~  
27.1. - 6.2.1985. 
Fig. 5. Temperature distribution. A )  at the surface, 
B) at 100 m depth, C )  at the bottom. RV "G.O. Sars" 
25.1. - 8.3.1955 
Fig .  6 .  D i s t r i b u t i o n  o f  t o t a l  echo abundance. Cod and haddock t 
combined. Uni t s  a r e  1 0  t i m e s  i n t e g r a t e d  back 
s c a t t e r i n g  c r o s s  s e c t i o n  pe r  square  n a u t i c a l  mi l e  
2 2 ( 1 0 - m  /naut .mile  1. 
Fig.  7. D i s t r i b u t i o n  o f  echo abundance i n  t h e  1 0  m dep th  
l a y e r  above t h e  bottom. Cod and haddock combined. 
Fig. 8. The distribution of l-year old cod (Number of fish 
in 1000 per square nautlcal mile). 
Fig. 9. The distribution of 2-year old cod. (Units as in 
fig. 8). 
Fig. 10. The distribution of 3-year old cod. (Units as  in 
fig. 5 ) .  
Fig. 11. The distribution of $-year old cod. (Units as 
in fig. 8). 
Fig. 12. The distribution of 5-year old cod. (Units as in 
fig. 8). 
Fig. 13. The distribution of 6-year old cod. (Units as in 
fig. 8). 
Fig.  1 4 .  
o 1 2 3 4 5 6 
AGE (YEARS) 
Bottom t r a w l  i n d i c e s  a t  age  f o r  t h e  1977 - 1980 
yea r  c1as;ses o f  cod ( s e e  t e x t  f o r  e x p l a n a t i o n ) .  
Fig.  15. Schematic p r e s e n t a t i o n  of  t h e  d i s t r i b u t i o n  of 
echo abundance ( i n  pe rcen t  of  t h e  t o t a l  w$thin 
t h e  whole a r e a  surveyed) of  cod and haddock i n  
t h e  Baren ts  Sea i n  February 1985. F iqures  a t  t o p  
show number of  n a u t i c a l  m i l e s  sampled. 
Fig. 16. The distribution of l-year old haddock. (Units as 
in fig. 8). 
Fig. 17. The distribution of 2-year old baddock. (Unfts 
esw 
a 
Fig. 18. The distribution of 3-year old haddock. (Units 
as in fig. 8). 
i o w  
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Fig. 19. The distribution of 4-year old hqddock. (UnTts 
as in fig. 8). 
